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Abstract—This research proposes a solid-state dc circuit breaker
for low voltage dc system based on reverse-blocking integrated
gate-commutated thyristor (IGCT). The circuit breaker topology
gets easier as a result of reverse-blocking IGCTSs’ ability to with-
stand reverse voltage. To further enhance the breaking process, we
develop a snubber branch with metal oxide varistors (MOVs) and
capacitance. The advantages and disadvantages of three distinct
snubber branches—the no-snubber, the resistance—capacitance
(RC), and the MOV-C snubber branch—are then contrasted. In
addition to suppressing high-frequency oscillation caught by the
parasitic MOV parameters, the structure with MOV-C snubber
branch also blocks low-frequency harmonics brought on by RC
snubber branch. Moreover, this structure can slow down the rate
at which the voltage rises during the breaking process. Compara-
tively speaking to the RC snubber branch and no-snubber branch
structures, it is more appropriate for solid-state dc circuit break-
ers. Finally, a solid-state dc circuit breaker prototype based on
RB-IGCT and MOV-C branch has been created. The maximum
overvoltage is 1.5 kV and the rated voltage is 750 V. The maximum
breaking current is 10 KA and the rated current can be 2 kA.

Index Terms—MOV-C structure, reverse-blocking integrated
gate-commutated thyristor (IGCT), snubber branch, solid-state dc
circuit breaker (SSCB).

I. INTRODUCTION

LEXIBLE power allocation, high system efficiency, high

power supply capacity, minimal line loss, and high power
quality are the advantages of the dc system [1], [2], [3], [4], [5],
[6]. The short fault’s effect on the current, however, manifests
much more quickly in the dc system due to its low impedance [7],
[8], [9]. Additionally, since dc fault current does not naturally
have a zero-crossing point, cutting off the fault current is more
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TABLE I
CHARACTERISTICS COMPARISON OF DCCB

Mechanical Hybrid Solid-state

Breaking time Long Medium Very short
Arc ablation Serious Ordinary None
Control Ordinary Complex Easy
Cost Capex Medium High Low
Opex Low Medium High
On-state loss Low Medium High

TABLE II
PARAMETER OF THE PROTOTYPE
A-IGCT RB-IGCT

(Abb-5SHY551.4500) (Peri-RBC521.3300)

Repetitive peak off-state

4.5 kV 33kV
voltage
Repetiti k
epetitive peak reverse 33KV
voltage
Controllable turn-off
5 kA 5.2 kA
current
Max. peak non-repetitive
surge on-state 33 kA 27 kA
current at 3ms, 125°C
Critical rate of rise of
200 A/us 200 A/us
on-state current
Threshold voltage .12V 12V
Slope resistance 0.28 mQ 0.26 mQ

difficult [10], [11]. Higher standards for the protection of the
dc system have been proposed as a result of these challenges.
With its great current-breaking capabilities and quick operating
speed, the dc circuit breaker has provided the best performance
for the short fault of a dc system. Solid-state dc circuit breakers
(SSCBs), based on power electronic devices, have the advan-
tages of a simplified structure, faster breaking speed, and no arc
breaking as compared to mechanical dc circuit breakers (MCBs)
and hybrid dc circuit breakers (HCBs). Moreover, SSCBs have
a longer electrical life and greater dependability than the other
two topologies due to the no arcing and moving structures
[12], [13], [14]. The three topologies of dc circuit breakers are
compared in Table I [1]. The SSCB has a comparatively low
capital expenditure, but its operating cost is quite high due to
the long-term loss. Although SSCBs have higher on-state losses
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TABLE III
INFLUENCES OF Cs AND Rg ON THE VOLTAGE AND CURRENT DURING THE
BREAKING PROCESS

Parameters Effect on the voltage Effect on the current
C Reduce the overvoltage and Reduce the spged of(i]urrent
s the dv/dt commutation to the
energy-absorbing MOV
R Increase dv/dt but reduce Speed up the current

the overvoltage commutation
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Fig. 1. Topologies of SSCB based on SCR. (a) Z-source breaker. (b) T-source
breaker.

than MCBs and HCBs, their efficiency can exceed 99.5%, and
current heat dissipation technology can guarantee the safety
of the devices. Thus, SSCBs are frequently used in the data
center, dc distribution network, and rail transit industries [15],
[16], [17]. The rated current of the system is often between
1 and 2 kA in these low-voltage, high-capacity dc application
circumstances. The fault current frequently reaches 10 kA within
1 ms, which need SSCB to isolate the short faults.

The most widely utilized high power electronic devices are
the insulated gate bipolar transistor (IGBT), injection-enhanced
gate transistor, and integrated gate-commutated thyristor (IGCT)
[18], [19]. IGCT is more suited for SSCB since it has a low on-
state voltage and can break greater fault currents after prolonged
conduction. The employment of thyristors in SSCB is severely
constrained even though they have a lower on-state voltage than
IGCT. The Z-source and T-source SSCB topologies, which are
depicted in Fig. 1, were proposed by many researchers, and are
based on thyristors [20], [21]. However, compared to SSCBs
based on full-controlled devices, topologies based on thyristors
are typically more complex in structure and control and take
longer time to break. Reverse-blocking IGCT (RB-IGCT) has
been created as a result of technological advancements. With the
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Fig. 2. Schematic of a typical SSCB with fully controlled power electronic
devices.

ability to handle both forward and reverse voltage, RB-IGCT dif-
fers from asymmetric IGCT (A-IGCT) and reverse-conducting
IGCT (RC-IGCT), simplifying SSCBs topology and control
operations while reducing the price and size of circuit breakers
[22].

A schematic of a typical SSCB is shown in Fig. 2. The main
flow branch, the snubber branch, and the energy branch are
the three branches that SSCBs typically have [23]. The main
flow branch often consists of power electronics components,
such as diodes, IGCTs, and IGBTs. In comparison to other
structures using A-IGCT, the RB-IGCT structure employs less
devices. The metal oxide varistor (MOV) is the main component
of the energy branch. The snubber branch frequently uses a
resistor—capacitor (RC) structure or a resistor—capacitor—diode
structure to safeguard the devices and minimize stress during
the dynamic operation. With more devices, the structure will
get more complex and the dependability will drop due to the
unidirectional conductivity of diodes and the crimping used to
connect high-power diodes. Although the RC snubber structure
is now the most popular, it has been discovered that if the load
is a converter or the grid is highly volatile, this snubber branch
cannot isolate periodic interference. The component, such as
the snubber resistor, will become thermally damaged if there
is constant current running through the RC snubber branch.
So, the snubber branch requires a sensible setup to mitigate
its drawbacks. We examined the effects of the three snubber
configurations—no snubber branch, RC snubber branch, and
MOV-C branch—each separately, weighing the benefits and
drawbacks of each.

This study examines the benefits and drawbacks of vari-
ous snubber branches and concludes that the MOV-C snubber
method is the most effective option for SSCBs. The MOV-C
structure’s design approach and guiding principles are put out. In
addition, an SSCB prototype built on the RB-IGCT and MOV-C
snubber branch is developed. The structure of RB-IGCT and
the SSCB work principle based on RB-IGCT are introduced in
Section II. The effects of various snubber branches are compared
in Section III, along with their benefits and drawbacks. The
MOV-C structure offers clear advantages over the other two
structures. A prototype SSCB with a MOV-C snubber branch
that can resist 1.5 kV of excess voltage and turn OFF 10 kA of
fault current is constructed in Section IV. Finally, Section V
concludes this article.
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Fig. 3. Structure of different IGCT. (a) Asymmetric IGCT. (b) RB-IGCT.
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Fig. 4. Topology of SSCB based on RB-IGCT with RC snubber branch.

II. SOLID-STATE CIRCUIT BREAKER BASED ON RB-IGCT

As illustrated in Fig. 3, RB-IGCT eliminates the n-buffer zone
and thickens the p-base and n-base regions of the anode, enabling
the J; junction to sustain reverse voltage. By varying the thick-
ness and doping level of each area of the chip, RB-IGCT can have
the same forward and reverse voltage. Because the main branch
of the SSCB based on RB-IGCT is made up of reverse-parallel
IGCT for bidirectional flow, the structure is simpler. Table II
shows the typical parameter comparison between Asymmetric
IGCT and RBIGCT.

The reverse-parallel construction has a lower on-state voltage
and fewer power electronic components than more common
main branch topologies, such as reverse-series and diode bridge,
which lowers losses and costs. Three components typically make
up the entire topology of an SSCB: the main branch, the snubber
branch, and the energy branch. The major branch is made up of
RB-IGCT, as shown in Fig. 4. The capacitor Cs and resistor
Ry make up the snubber branch. An MOV is presented in the
energy branch to control overvoltage and absorb system energy.
In typical operation, the current flows via RB-IGCT on the main
branch. In the event of a short-circuit malfunction, the control
system sends an order to IGCT to turn OFF. The fault current is
commutated to the snubber branch when IGCT turns OFF. The
voltage of Cy grows as the snubber branch’s current increases.
The current is commutated from the snubber branch to the energy
branch when the voltage across the snubber branch reaches the
working voltage of the MOV. The system energy is absorbed
by the MOV, and the fault current begins to fall. The process of
breaking is finished when the voltage returns to the bus voltage.
Fig. 5 shows the procedure for the SSCB to work. The long-term
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Fig. 6.  Structure of SSCB without snubber branch.

rated voltage is Vi,,, whereas V| is the overvoltage. I, refers to
the highest turn-OFF current. I,,,,, and I respectively, stand for
the energy absorption branch and snubber branch current.

III. ANALYSIS OF STRUCTURES WITH DIFFERENT SNUBBER
BRANCH

The breaking process is significantly impacted by the snubber
branch. This section analyzes several snubber structures. They
are contrasted in terms of both their benefits and drawbacks.

A. Structure Without Snubber Branch

The simplest straightforward approach is structure without
snubber branch as shown in Fig. Fig. 6. This structure is more
straightforward and convenient to design, which reduces volume
of SSCBs. In addition, when the RB-IGCT is turned OFF, there is
no snubber path for periodic leakage current and the bus voltage
fluctuation is not sent to the load.

The residual MOV voltage during the breaking process is
higher than the overvoltage of the structure without a snubber
branch, though. On the one hand, when IGCT is turned OFF,
the fault current is directly commutated from the main branch
to the energy branch. The overvoltage will increase with high
di/dt due to the MOV’s steep front effect [24]. The voltage
across the loop inductor between the main branch and the energy
branch will rise, however, if the di/dt is high. Although the
parallel MOV’s residual voltage is 1.5 kV during the breaking
test, the overvoltage reaches 2 kV, which is 25% more than the
predicted value, as shown in Fig. 7. As a result, the utilization of
power electrical devices without snubber branches will decrease
because of the possibility of overvoltage failure if insufficient
voltage margin is left.
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The high-frequency oscillation of voltage is another issue.
Through breaking trials, we discovered that the voltage of the
IGCT oscillates at a high frequency at the conclusion of the
breaking process, as illustrated in Fig. 7. The IGCT’s electro-
magnetic environment will deteriorate due to the high-frequency
oscillation, raising the risk of equipment failure. Besides, the loss
will increase 10% with the high-frequency oscillation.

The parallel MOV can be thought of as a variable resistor
with low resistance at high voltage and high resistance at low
voltage. The MOV model provided by IEEE is depicted in
Fig. 8(a), whereas the Pspice model is typically simplified to
create Fig. 8(b) [26], [27]. The variable resistor is parallel with
the parasitic capacitance C,, which produces the high-frequency
oscillation. In conjunction with the Pspice model, the parasitic
capacitance C}, is the reason that causes the high-frequency
oscillation. The MOV returns to its high-impedance condition
after the breaking process is complete. Along with the bus
capacitance and inductance, the parallel parasitic capacitance
will cause high-frequency oscillation. The stray inductance can
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Fig. 11.  Double-pulse turn-OFF experiment of IGCT.

be disregarded in the simplified model since it is negligibly small
in comparison to the loop inductance.

We measure the energy-absorbing MOV with the Keysight
DA4980 instrument in order to obtain the parasitic parameter
of MOV. The experiment platform and results are displayed in
Fig. 9. A resistor with 2.9 k and a capacitor with 34 nF are
paralleled to create an identical MOV model in PSCAD, and
the simulation results reveal that the oscillation’s frequency and
amplitude are comparable to those of the experiment, as shown
in Fig. 10. The two voltage waveforms are very similar so that
our hypothesis can be validated. We added to the double-pulse
test without MOV in order to rule out the device’s influence.
Fig. 11 displays the examination outcomes. When the IGCT is
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Fig. 12.

turned OFF, there are no high-frequency oscillations in the volt-
age, which verifies the validity of the MOV model and validates
the conclusion that the high frequent oscillation is caused by the
MOV is right.

Although a structure without a snubber branch has some
advantages, its main drawbacks are a substantially higher over-
voltage and high-frequency voltage oscillation, reducing the
security of breaking process.

B. Structure With RC Snubber Branch

The most popular method for limiting overvoltage is the RC
snubber branch. Fig. 4 depicts the structure of the SSCB with
the RC snubber branch. Since the voltage of Cs cannot change
instantly, the snubber capacitor Cg will constrain the dv/dt during
the breaking process, which also decrease the di/dt of the energy
branch.

The capacitance of Cg should be as high as possible because of
the steep frontimpact of MOV [24], [25]. #¢ is the crucial moment
for the MOV’s steep front effect to manifest, and 7y marks the
beginning of the breaking process. The following equation can
be obtained:

ty
CSUmaX:/ Idt. (D

to

U nax 1s the highest voltage that can be applied while breaking.
I represents the current on the snubber branch. Assume that
current can reach fault current /,,,,, and that the current wave is
a triangle, as illustrated in Fig. 5. The following expression is
possible:

1Imxt —t
Cs:* a(f 0).

2
2 Umax ( )

Hence, the value of C, should be greater than the value in (2).

When IGCT is turned ON, Ry is employed to restrict the surg-
ing current. The voltage across Ry during the breaking process
must not, however, be higher than the IGCT’s maximum voltage.
The voltage will be lower than Uy, 4in, the IGCT maximum long-
term sustain voltage, when IGCT is turned OFF. C will discharge
through the IGCT if the IGCT is turned ON, and the current
should be less than the IGCT’s maximum surging current /gy ge-
Moreover, the voltage across the snubber resistance during the
turn-OFF procedure needs to be lower than the IGCT maximum

Time (ms)

L L L
2.1 1.80 1.85 1.90 1.95 2.00  2.05 2,10 215 2.20
Time (ms)

(b) (©)

ot

L
L8

Influence of Rs and Cg on the breaking process. (a) Influence of Cg on voltage. (b) Influence of Cg on current. (¢) Influence of Rs on voltage.

withstand voltage Uy ax

Umain

I surge

<R, < Ymax. 3)

Imax

Ry and C; both have an impact on the breaking process. The
capacitance of Cy affects voltage and current at the same amounts
of voltage and current. To prevent overvoltage, an energy MOV
with a 1.5-kV residual voltage is paralleled with an IGCT.
According to Fig. 12(a), the smaller the value of Cs, the higher
the dv/dt and the overvoltage. The effect of Cy on the fault current
with 0.1-£2 snubber resistance is depicted in Fig. 12(b). Differ-
ent snubber capacitances will affect how quickly the current
declines, but eventually the current will converge. The current is
diverted to the energy-absorbing branch more quickly the lower
the capacitance. As a result, there will be a turning point in the
currents, which is a sign that the current has switched to the
energy branch. The effect of Ry when the snubber capacitance
is 10 uF is shown in Fig. 12(c). With the lesser resistance,
the voltage will be larger throughout the breaking process. The
voltage of C will be lower when the voltage of Ry is high, even
though the bigger resistance will have a higher voltage drop with
the same current. The peak voltage is determined by the voltage
of Cy thanks to a progressive reduction in the current in the
snubber branch. Since the fault current is already commutated to
MOV with a larger resistance, the voltage of C; will be reduced.
As aresult, the peak voltage decreases while the dv/dt increases
with increasing snubber resistance. Table V shows the influences
of Cs and R on the voltage and current during the breaking
process.

Even though the RC snubber branch can reduce the pace at
which the voltage rises and the overvoltage, this branch will
oscillate due to Cs and system inductance, as shown in Fig. 13.
Because R, has a low value, the oscillation cannot be effec-
tively suppressed. On the one hand, this oscillation increases
the voltage of the dc bus, potentially damaging the load. The
RC snubber branch, on the other hand, offers a channel for
periodic harmonics, and Rs will burn out as a result of persistent
current flow. The following equation can be used to determine
the oscillation frequency:

Y/ e
- on/ILC  27VL,,CnCy’

f 4)
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Fig. 14.  Structure of SSCB with MOV-C snubber branch.

L, and Cy,, represent the bus inductance and the bus capacitor,
respectively. In the experiment and simulation, the inductance of
L, is 66 1H and the capacitance of Cy, is 4 mF. Considering the
capacitance of Cs is 10 pF, the oscillation frequency is 6.2 kHz.
The result is shown in Fig. 14.

C. Structure With MOV-C Snubber Branch

To resolve the issues with the aforementioned two topologies,
a snubber branch of the MOV-C structure is suggested, as shown
inFig. 14. MOV, and C combine to generate the snubber branch.
After they are turned OFF, the voltage of the IGCT is gradually
established. Cy will not be charged right away at the start of
the breaking process because of MOV,. The fault current is
commutated from the main branch to the snubber branch and
charges Cy to increase the voltage across the snubber branch
when the voltage across IGCT is higher than the operating
voltage of MOV,. When the voltage across the snubber branch
reaches the operational voltage of the MOV, the current is then
commutated to the energy branch. When all of the system’s
energy is absorbed by MOV, the breaking process is completed.

The dv/dt and overvoltage during the breaking process can
be decreased by the capacitor Cy on the snubber branch. When
the oscillation voltage is lower than the operational voltage of
MOV, the MOV can prevent ac leakage current and suppress
the high-frequency oscillation brought on by the parasitic ca-
pacitance of MOV,
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Fig.15.  Simulationresults. (a) Breaking waveform of MOV-C snubber branch.

(b) Influence of MOVs on breaking voltage.

Because of MOV, the voltage of Cs during the breaking
process is

U’I’ (&)

U= - Us. &)

U. is the voltage of Cs. Uy, is the residual voltage of MOV.,.
Us is the rated voltage of MOV, and n represents the number of
series devices. When the voltage across MOV, decreases to U,
C; will discharge through MOV,. We can get the expression of
USC

UT‘C

Use = — 2Us. (6)

With PSCAD/EMTDC, we model the structure using the
MOV-C snubber branch. The outcomes are displayed in Fig. 15.
E oy refers to a MOV'’s rated voltage. Both the low-frequency
and high-frequency oscillations are subdued. MOV, ’s residual
voltage is 1.5 kV. MOVs’ rated voltage is 60% lower than
MOV,’s. The effect of the MOV’ voltage on the breaking voltage
is depicted in Fig. 14(b). The voltage at which Cg discharges is
lower and the oscillation’s amplitude is decreasing as the rated
voltage of MOV rises.

When the energy branch receives the fault current, the voltage
will keep at the residual voltage of MOV,. Once the energy of the
system is absorbed by MOV, the overvoltage starts to decrease.
The MOV-C snubber branch can muffle high-frequency MOV
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TABLE IV
COMPARISON OF DIFFERENT SNUBBER STRUCTURES

Structure type Cost high frequency oscillation low frequency oscillation Overvoltage level
No snubber branch Low Yes No High
RC snubber branch Medium No Yes Low
MOV-C snubber branch High No No Medium
oscillations. The snubber branch will come back on as soon as TABLE V

the voltage of the MOV, drops to Ug.. Because the resistance of
MOV will be low and the capacitance of Cy will be considerably
higher than that of C, of MOV, C, will discharge and inhibit the
effect of the parasitic capacitance of MOV,. MOV, return to a
high-resistance condition when the voltage of Cs drops to a low
value, and a high-frequency oscillation will resurface, as shown
in Fig. 15(b). The oscillation’s amplitude is considerably lower
than in topologies without a snubber branch, though, because
the oscillation’s beginning amplitude has been controlled.

The MOV-C snubber-equipped structure in certain ways
makes structural design more challenging. Yet, the suppression
of the oscillations and the overvoltage during the breaking
process are both extremely noticeable. The comparison of the
various SSCB snubber structures is shown in Table IV. The
structure with a MOV-C branch is better suited for SSCB, per
the analysis earlier.

The rated voltage, the residual voltage, and associated current,
as well as absorbable energy, are the four main MOV parameters.
To prevent increased current flow through the energy-absorbing
MOV, when it is in the blocking condition, the rated voltage for
the device can be 1.1 times the system bus voltage. The symbol «
stands for the residual voltage to MOV rated voltage ratio. The
resulting current should be the maximum breaking current of
the SSCB, and the residual voltage should be 1.1« times greater
than the bus voltage. The maximum breaking current and busbar
inductance both affect how much energy MOV, can hold at once.
In addition, it is important to consider the energy of reclosing.

The voltage of Cg will be U,s-Us after IGCT is turned OFF.
When IGCT is turned ON, MOV withstand the voltage of C. So,
the residual voltage of MOV should be higher than the voltage
of Cs. And the corresponding current should be the breaking
current. The rated voltage of MOV can be calculated by U,
and .. The energy of MOVj at a single time can be described
by (7). As with MOV, the energy of MOV during the reclosing
process needs to be considered

te
E= / s it < Un I (£ — o). ™
to

So, the vital parameters of MOV, and MOV can be designed
according to (8) and (9)

Ue = 1.1Upys
Ure = 1.10teUpys
8
Ire = Imax ( )
E>LI?

max

PARAMETER OF THE PROTOTYPE

Components Parameters
Main branch RB-IGCT Peri RB52QY3300
Cs 10 uF
Snubber branch
MOV, 0.4 kV at 1 mA; 0.7kV at 10 kA
Energy branch MOV, 1kVat1mA; 1.5kV at 10 kA
TABLE VI
RESULTS OF THE TEST
Index Parameters
Rated Voltage 750 V
Max Overvoltage 1.5kV
Maximum Controllable Turn-off Current 10 kKA
Current Imbalance 4%
Max On-state Current 2 kA
U. = Use _ llaeUns
7 n(ltas) — n(ltas)
— Urs
U= ©)
1, re — dmax

E Z 2Urslmax(tf - tO)

n represents the number of MOV,
The design of the value of Cs can be the same with the design
of Cy in RC snubber branch.

IV. PROTOTYPE DESIGN AND EXPERIMENTAL RESULT

An SSCB prototype built on the RB-IGCT is created, and
the experiment is run. The prototype’s rated voltage is 750 V,
and throughout the breaking process, there will be a 1500-V
overvoltage. The maximum breaking current is 10 kA to meet
the needs of most application scenarios, which can be realized by
connecting two IGCTs in parallel. The component parameters
are displayed in Table V.

A. Prototype and Test Platform

The prototype uses the MOV-C structure topology depicted in
Fig. 14. To stop the 10-kA fault current, two Peri RB52QY3300
RB-IGCTs are connected in parallel. The primary branch for the
bidirectional flow is made up of two additional RB-IGCTs that
are reverse-parallel. In the snubber branch, MOV-C is present.
The capacitance of Cg is 10 uF, whereas the residual voltage of
MOV4is0.7kV. The MOV, which has a 1.5-kV residual voltage,
is the energy branch. This prototype’s forced air-cooling system
is based on gravity heat pipes. This approach does not need any
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Fig. 16.  Prototype of SSCB with MOV-C structure.
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Fig. 17. Long-term working test result. (a) ON-stage voltage. (b) Temperature

of heat sink.

additional equipment and can meet the heat dissipation require-
ment. Coolant is housed in the radiator’s hollow chamber. While
SSCB operates, the coolant absorbs and evaporates the heat
produced by IGCT. The fan cools the coolant steam, which then
condenses back. In order to achieve dependable heat dissipation
of the SSCB, the evaporation and backflow of the coolant must
likewise attain a dynamic equilibrium when the heat dissipation
and generation do. The innovative SSCB’s general structure is
depicted in Fig. 16.

B. Test of SSCB

1) Long-Term Current Test: A long-term current test was
done to check the SSCB'’s ability to dissipate heat during normal
operation. The findings are presented in Fig. 17. The conduction
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Fig. 18.  10-kA breaking test waveform with MOV-C snubber design. (a) Test
circuit diagram. (b) Result of test.

voltage drops of two parallel RB-IGCTs linked to a 2-kA rated
current are 1.26 and 1.27 V, respectively. At 56 °C and 54 °C,
the heat sink surface’s temperature is steady. 25 °C is the
test environment temperature. As a result, the need is met by
controlling the temperature rise of the gravity heat pipe to within
30 °C and the junction temperature of both operating IGCTs to
within 70 °C under a 1-kW power consumption.

2) Breaking Test: To test the SSCB’s ability to break, we per-
formed the breaking experiment. In Fig. 18, the test waveforms
are displayed. The IGCTs are turned ON and the current starts
to climb at # = 1.4 ms, simulating a short fault. The paralleled
IGCTs turn OFF at 4.8 and 5.2 kA, respectively, at = 1.9 ms.
The current is within 10% of becoming uneven. The residual
voltage and the overvoltage are both capped by MOV, at 1.5 kV.
Also, the oscillation is clearly suppressed, demonstrating that the
topology with the MOV-C snubber may successfully address the
oscillation issue.

We initially screen out IGCTs with consistent /-V charac-
teristics and use them as parallel devices in order to increase
the current uniformity. The valve’s structural layout is also
very symmetrical to minimize the effects of stray inductance
variations, and the busbar has various connecting interfaces so
that the features of parallel current sharing can be modified.
In order to assure the consistency of the current sharing of the
devices in parallel, we finally eliminated the effect of response
delay time by changing the break time of the parallel devices.
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The outcomes of the open—close—open (OCO) process are
displayed in Fig. 19. As can be observed, the RB-IGCT device
and the MOV-C snubber branch enable the SSCB to effectively
complete the OCO procedure. Table VI summarizes the test
results.

V. CONCLUSION

This work investigates a large-capacity SSCB with an an-
tiparallel construction based on the RB-IGCT. The impact of
the snubber branches is analyzed. In the beginning, we examine
the structure without snubber branches. During the breaking
process, high-frequency voltage oscillation will be caused by the
MOV’s parasitic characteristics. The impact of the RC snubber
branch and the influence of the RC parameters are then examined
in relation to the breaking process. The main issues with this
construction are its inability to suppress the ac component and
low-frequency oscillations during turn-OFF process. We suggest
the MOV-C snubber branch and have confirmed its inhibiting
effect on the oscillating voltage as a solution to the problem
of the two structures mentioned earlier. Also, the impact of the
snubber MOV is examined, and a method for choosing the MOV
parameters is suggested.

Ultimately, we created a prototype SSCB with a 750-V work-
ing voltage and a 2-kA working current. 10 kA is the maximum
breaking current. Both the breaking test and the long-term flow
test were successful, demonstrating the viability of the plan.
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